Introduction
The corpus callosum, may be the main conduit for interhemispheric synchronization and spread of seizure activity 1 . In clinical practice, the corpus callosum is divided in order to localize the spread of epilepsy to one hemisphere, and then to reduce the frequency of seizures 2, 3 . However, this technique is considered to be mainly palliative therapy. 3, 4 Controversy continues over the extent of resection of the corpus callosum, the risk of complication, and patient selection. Additionally, several transient and some permanent sequelae, including hemiparesis, apraxia, and mutism, may occur 5 . While some symptoms can be attributed to the disruption of the corpus callosum, others are due to the operative procedure itself. The frequency of these complications, and perhaps the severity, may be diminished by modification of the operative technique. Drop attacks (DAs), which mainly consists of atonic and tonic seizures, are reported to respond best with total corpus callosotomy 6 . However, this technique is associated with a high risk for disconnection syndrome that is not observed in patients with partial callosotomy.
In this study, we performed anterior corpus callosotomy with a keyhole approach in patients with clinically refractory epilepsy to explore the effectiveness of the technique on refractory seizures and the complication rate of this method.
Patients and methods

Patient selection
Between January 2003 and November 2006, 31 patients underwent anterior callosotomy with a keyhole approach at the Department of Neurosurgery, Renji Hospital, Shanghai Jiaotong University, School of Medicine, Shanghai, China. All patients enrolled in the study were diagnosed with clinically refractory epilepsy that was uncontrolled despite a trial of more than three anticonvulsant medications (AEDs) either alone or in combination for more than 1 year. Preoperative brain MRI and EEG suggested surgically inaccessible multi-seizure foci or no obvious single focus. We classified our patients into two groups, one with generalized tonic-clonic seizures (GTCSs) and the other group with drop attacks (DAs), which included tonic seizure and atonic seizures. Other seizure types were excluded. The extent of sectioning consisted of the anterior 1/2 to 2/3 of the total length of the corpus callosum. In most patients, this area was confirmed by anatomical landmarks that were assessed intraoperatively or by postoperative MRI. All patients have undergone close follow-up for at least 1 year by a qualified epileptologist. Purpose: This study was conducted to evaluate the efficacy and safety of anterior corpus callosotomy with a keyhole approach on refractory seizures and to evaluate this procedure for drop attacks (DAs) and generalized tonic-clonic seizures (GTCSs). Methods: All refractory seizure patients underwent anterior corpus callosotomy (n = 31) without other epilepsy surgery. Seizure response and procedure complications were evaluated. Results: Seizure types included GTCS (n = 26), and atonic or tonic seizures with DA (n = 9). In GTCS patients, 84.6% had !50% decrease in seizure frequency, and 61.5% had !80% reduction. In DA patients, 77.8% had !50% decrease in seizure frequency, and 55.6% had !80% reduction. There were no statistically significant differences between the groups in final efficacy. Overall complication rate for corpus callosotomy was 12.9%, the permanent complication rate was 3.2%. Conclusions: Anterior corpus callosotomy with a keyhole approach produces highly favorable outcomes for both GTCS and atonic or tonic seizures with a low risk for complications.
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Methods
Pretreatment diagnostic workup included analysis of the interictal EEG, cranial MRI, and demographic data, including age at surgery, gender, duration of epilepsy, age at epilepsy onset, and duration of follow-up.
Postoperative seizure outcome was assessed at last follow-up in all patients. Outcome was determined by the reduction of seizure frequency (preoperative seizure frequency compared with seizure frequency at last follow-up), the percentages of corpus callosotomy patients with !50% seizure reduction and !80% seizure reduction, and Engel surgical outcome classification.
In our center, we use a wave-like scalp incision for callosotomy, and provide a minimally invasive keyhole approach for microsurgery. The corpus callosum is exposed under a microscope and the resection involves the anterior 1/2 to 2/3 of the corpus callosum. We select this procedure to reduce bleeding and provides a smaller incision which is greatly beneficial for patients, particularly children.
Statistical analysis comparing outcomes was performed utilizing Chi-square test, Fisher exact test, and paired t-test. Changes were considered statistically significant when the p value was <0.05.
Results
Demographic data
Of the 31 study patients, 17 males and 14 females underwent anterior corpus callosotomy with a keyhole approach. The mean age was 17.5 years (range, 2-44 years), and the duration between onset of seizure and surgery ranged from 1 to 32 years (mean, 9 years). Seizure types among the 31 patients included GTCS in 26 patients, and atonic or tonic seizures with DA in 9 patients.
Seizure outcome and Engel classification
The duration of follow-up ranged from 1 to 4 years, median 3 years. In the 26 GTCS patients, 22 (84.6%) had !50% decrease in seizure frequency and 16 (61.5%) had !80% reduction (Fig. 1) . Similar results were observed in DA patients. Seven patients (77.8%) had !50% seizure reduction, and 5 patients (55.6%) experienced !80% reduction. There were no statistically significant differences between the groups in final efficacy (p > 0.05). Among patients with GTCS, the mean seizure frequency decreased from 17.8(AE7.9) to 4.2(AE4.6) seizures per month. In the DA group, the frequency of seizures decreased from 13.2(AE3.3) to 3.5(AE3.4) seizures per month. In this group, the baseline seizure frequency was lower than in the GTCS group (Fig. 2) .
In patients with corpus callosotomy, the majority (83.9%) of patients were in Engel classes 1 (38.7%), 2 (25.8%), or 3 (19.4%). Only 16.1% patients were evaluated as class 4 (Fig. 3) .
Adverse events
In this study, no perioperative death occurred. Only 12.9% of study patients had complications associated with corpus callosotomy. However, serious adverse events did occur, including two cases of status epilepticus, one intracranial infection, and one pulmonary infection. In those patients with complications, most experienced significant improvement (in patients with disconnection syndrome) or complete resolution (in patients with status epilepticus and infection) of the symptoms. However, one (3.2%) patient sustained permanent sequelae after corpus callosotomy, that presented as mutism and hemiparesis at last follow-up.
Discussion
This study assessed the efficacy and safety of anterior corpus callosotomy via keyhole approach for the treatment of refractory Fig. 1 . Mean seizure frequency was significantly reduced in both two group patients. seizures, which were measured by comparison of preoperative and postoperative mean seizure frequency per month, the percentages of patients with 50% and 80% seizure frequency reduction, and Engel outcome class. 7 Both groups benefited from anterior callosotomy with a similar seizure reduction rate (84.6% vs. 77.8%) in this non-randomized study, and we just compared the results between patients with GTCS and those with DA. Our study results are fully congruous with previous reports. [8] [9] [10] Operative complications that have been noted in earlier studies 11 , including hemiparesis, mesial hemispheric infarcts, and hemispheric edema, were not noted in our patients. We attribute this to our adherence to microsurgical techniques 12 . In our study, only a small percentage of patients (12.9%) experienced complications, and most neurologic deficits improved in our series. The complications of this procedure are minimal and acceptable.
Anterior callosotomy has been shown to be a sufficient procedure in many previously published reports. 13, 14 This technique has been shown to decrease the incidence of disconnection syndrome as well as to provide good seizure control. 4 In the immediate postoperative period, we observed mutism in 2 patients. This symptom disappeared within 3 weeks postoperatively in one patient, and the procedure continued to provide seizure control. Anterior partial callosotomy is widely used in our patients. The anterior two-thirds of the corpus callosum connects the bilateral prefrontal and frontal regions, and this connection is essential for generalization of tonic and tonic-clonic seizures and drop attacks. 1 Anterior partial callosotomy preserves sufficient interhemispheric fibers and this markedly reduces the risk of complications. 13, 15 Our preliminary results revealed no statistically significant difference in the postoperative seizure outcome between the anterior dominant epileptiform groups and posterior dominant epileptiform groups. This suggests that anterior partial callosotomy also helps patients with posteriorly located bisynchronous epileptiform discharges. 16 It is clear from these data that patients with GTCS and DA may benefit from corpus callosotomy to achieve greater reduction of seizures with fewer complications. Ideally, keyhole corpus callosotomy should be evaluated with a large, multicenter, collaborative, controlled, and randomized blinded trial with assessment of clinical outcome and adverse events. Further research may help elucidate the patient characteristics, including age, course of disease, IQ, drug use, EEG type, MRI preoperatively, and other factors, that would favor this procedure.
In conclusion, we believe that the anterior corpus callosotomy can be viewed as a feasible alternative to the standard surgical procedure in patients with GTCS or DA. When physicians, patients, and their families choose a treatment for seizure control, several factors should be considered, including the control of seizure frequency and severity, patient expectations, and relative risk of the procedure.
